BACKGROUND: hospital readmission rates are an increasingly important quality metric since enactment of the 2012 hospital Readmissions Reduction Program. the proliferation of enhanced recovery protocols and earlier discharge raises concerns for increased readmission rates.
h ospital readmission rates have become an increasingly important quality metric because of enactment of the hospital Readmissions Reduction Program in 2012 as part of the affordable Care act. 1, 2 In the next calendar year, 2600 institutions will pay more than $400 million in penalties to Centers for medicare and Medicaid Services related to excess readmissions. Readmission rates after colorectal surgery frequently exceed those of other surgical procedures and range in various series from 8% to 17%. [1] [2] [3] a series of prospective, randomized controlled trials and observational studies conducted over a period of more than 2 decades have demonstrated that enhanced recovery (eR) protocols substantially reduce hospital length of stay (los) and decrease healthcare costs. [4] [5] [6] [7] With the proliferation of eR protocols and earlier discharge, there are concerns of potentially increased readmission rates. We sought to evaluate the effect of eR on readmissions as the primary outcome and to identify risk factors for readmission within an eR protocol. We hypothesized that patients undergoing colorectal surgery within an eR program would have similar rates of readmission when compared with traditional care patients.
PATIENTS AND METHODS
this is a retrospective analysis of a prospectively maintained database that includes all of the consecutive adult patients (≥18 years of age) undergoing elective colorectal surgery before (august 4, 2011 to august 5, 2013) and after (August 6, 2013 to July 1, 2015) the implementation of an eR program. all of the procedures were performed by 1 of 2 board-certified colon and rectal surgeons. the primary outcome was 30-day readmission, defined as an inpatient admission to any acute care facility within 30 days after the index operation. Secondary outcomes included time to and reason for readmission. approval from the institutional review board at the university of Virginia was granted.
Data Collection
as a participant of the national surgical Quality improvement Project (nsQiP), data were abstracted for all of the procedures included in the colectomy and proctectomy modules in the targeted Procedure Program. nsQiP definitions for all of the demographic and outcome data were strictly adhered to and can be found at http://www.facs. org/~/media/files/quality%20programs/nsqip/nsqip_puf_ userguide_2014.ashx. Additional data points specific to the project that were not collected by nsQiP were collected prospectively in a separate quality improvement database or through retrospective chart review. all of the patients were followed through 30 days to ensure that all readmissions to any care facility were captured. if the patient was readmitted more than once in the 30-day postoperative period, only the first readmission was included in the analysis. Reasons for readmission were categorized into nausea/ emesis, infection, ostomy-related complications (including pouching difficulties, dehydration, acute kidney injury, or prolapse), or other. if a patient with an ostomy was admitted with an infection or nausea/emesis but was otherwise not having issues related to the ostomy, it was classified into the respective category as opposed to ostomy related. information on distance from the hospital was obtained using Google maps (https://www.google.com/maps) and was based on the ZiP code provided by the patient.
Management
Strategies the care protocols before and after implementation of our eR program have been described in detail elsewhere and will be summarized in brief. 7 Before implementation of the eR protocol, patients were instructed to drink clear liquids the day before surgery and to ingest nothing by mouth beginning at midnight. a mechanical bowel preparation was administered the evening before surgery. Perioperative pain management depended on the type of surgery but generally included a low thoracic epidural for open procedures and patient-controlled analgesia with intravenous opioids for laparoscopic procedures. intraoperative fluid administration was left to the discretion of the anesthesiologist. the primary surgeon determined when a patient's diet was advanced and intravenous fluids discontinued.
on august 6, 2013, we implemented a standardized, multidisciplinary eR protocol for patients undergoing colorectal surgery. We used this opportunity to standardize every aspect of the perioperative care pathway from preadmission through discharge (table 1) . Discharge criteria remained identical before and after eR protocol implementation (tolerating a diet, passing flatus or >500 ml in presence of ileostomy, ambulatory, and pain well controlled on oral analgesia).
Statistical Analysis
univariate analysis was performed to compare baseline demographic and clinical variables between patients in both care pathways and according to readmission status. Readmitted patients were additionally stratified on care protocol, and demographic and clinical variables were compared similarly. Distance from the university of Virginia was also compared using univariate analysis. Compliance with protocol elements is expressed in intraoperative and total opioid consumption (morphine equivalents), fluid balance (in milliliters), administration of spinal (yes/ no), consumption of preoperative Gatorade (yes/no), and ambulation the day of surgery (yes/no). Baseline data for opioid consumption and fluid balance are from the cohort of patients in the preceding 6 months before eR protocol implementation, as presented in thiele et al. 7 Wilcox-on rank sum was used to compare continuous variables, whereas χ 2 and Fisher exact tests were used for categorical comparisons. means and sems are used to describe normally distributed data, whereas medians and interquartile ranges describe nonnormal data. thirty-day readmission was treated as a dichotomous variable (yes or no).
Based on a baseline readmission rate of 20% in the patients before eR protocol implementation (pre-eR), 174 patients were required to be 90% sure that the limits of a 2-sided 90% CI would exclude a difference between the 2 groups of >20%, based on an equivalence design. unadjusted Kaplan-meier analysis with log-rank test analyzed differences in the time to readmission data. lastly, a multivariable logistic regression model was developed to identify factors predictive of readmission. Variables with a p value of <0.10 were included in a logistic regression model to determine independent associations with readmission. statistical significance was set at p < 0.05. all of the statistical analyses were performed using sas 9.4 (sas institute, Cary, nC).
RESULTS
Between August 4, 2011, and July 1, 2015, a total of 707 patients were included in the elective colorectal surgery database, including 383 (54%) in the pre-eR group and 324 (46%) in the group after eR protocol implementation (eR). Demographic and operative variables comparing these 2 groups are demonstrated in table 2. there are no differences in age, race, sex, BMI, diabetes mellitus, hypertension, smoking, asa, or wound classification. there is a higher rate of laparoscopic procedures in the eR group (p < 0.0001), although there are no differences in the rates of rectal surgery or ileostomy creation. Compliance with protocol elements is demonstrated in table 3. We demonstrated a significant reduction in opioid consumption and fluid administration after eR protocol implementation. Compliance with consumption of Gatorade, placement of spinal, and ambulation on the day of surgery was >70%. as demonstrated previously, the eR group had a significantly shorter median los of 4 days (interquartile range, 3-5 d), compared with a median of 5 days (interquartile range, 4-7 d) for the preeR group (p < 0.0001). in addition, there was a significant reduction in the incidence of surgical site infection (ssi), bleeding requiring transfusion, and overall complications. Readmissions a total of 110 patients (16%) were readmitted during the entire study period. Reasons for readmission between pre- Table 1 . University of Virginia enhanced recovery protocol Preoperative • The ER protocol and the role of patients in their recovery are described in detail, including checklists to be completed with the nursing staff.
• Patients are given a goal of discharge on the second to third postoperative day.
• The ER protocol patients are flagged in the electronic medical record and on the operative schedule.
• The night before surgery, patients receive a mechanical bowel preparation consisting of 4L of GoLytely, as well as erythromycin (1 g × 3), neomycin (1 g × 3), and metoclopramide (10 mg × 3). Regular diet ceases at 6:00 Pm, after which clear liquids can be consumed ad libitum until 2 hours before surgery.
• Chlorhexidine is provided for showering before surgery Day of surgery • Patients are asked to consume 20 oz of Gatorade Thirst Quencher G Series, 2 hours before induction.
• Patients receive 200 mg of celecoxib, 600 mg of gabapentin, and 975 mg of oral acetaminophen unless contraindicated before surgery.
• Alvimopan is administered preoperatively and twice daily for <7 days.
• Patients receive antibiotic prophylaxis with cefazolin and metronidazole.
• A morphine spinal (250 μg) is administered.
• Unfractionated heparin (5000 U) is administered immediately after placement of the spinal.
• N-methyl-d-aspartate antagonists are used with induction (magnesium 30 mg/kg and ketamine 0.5 mg/kg) and throughout surgery (ketamine 10 μg/kg per min).
• Intravenous lidocaine is infused during surgery (40 μg/kg per min) and for 48 hours after the procedure (1 mg/min).
• Intraoperative fluid management is guided by a goal-directed fluid algorithm using the Masimo Pleth Variability Index to guide fluid responsiveness.
• A separate clean fascial closure tray is used at the end of the case.
• Patients get out of bed in postanesthesia care unit to be weighed and are out of bed the night of surgery.
• Clear fluids are administered in postanesthesia care unit. Postoperative • Intravenous fluids are continued at 40 mL/h on the night of surgery and discontinued at 8:00 AM on the first postoperative day.
• A soft diet begins on the first postoperative day.
• Patients are placed on scheduled acetaminophen and celecoxib. The primary postoperative opioid analgesic agent is oral oxycodone (every 4 hours on the day of surgery, scheduled daily at 6:00 AM on the first postoperative day for the open cases). After discharge • Patients are called within 72 hours after discharge.
• New ostimates are referred for home health and seen within 1 week in the enterostomal therapy clinic. ER = enhanced recovery.
eR and eR groups are delineated in figure 1. one-hundred patients had one 30-day readmission, including 66 pre-eR (17%) and 34 eR patients (10%). nine patients had two 30-day readmissions, including 5 pre-eR (1%) and 4 eR patients (1%). one pre-eR patient had 3 readmissions within 30 days. of all of the readmitted patients, 19% (72/383) were pre-eR and 12% (38/324) were eR patients (p = 0.009; table 1). Reduction in readmissions for infection (primarily ssi) and nausea/emesis accounted for the lower rate of readmissions within the ER group. Before implementation of eR, 50 patients (13%) required readmission for either ssi or nausea/emesis compared with 24 (7%) after eR implementation. in addition, readmissions were reduced by 50% in patients without an ileostomy; 18% (51/284) of the pre-eR patients without an ileostomy required readmission compared with 9% (20/231) of eR patients without an ileostomy (p = 0.003). twenty-one percent (21/99) of ileostomy patients required readmission before eR implementation compared with 19% (18/93) of ileostomy patients after eR implementation (p = 0.85).
Demographic, clinical, and procedural data for patients who were readmitted versus patients who were not are presented in table 4. enrollment into an eR protocol has an unadjusted oR of 0.59 (95% Ci, 0.37-0.88) with relation to readmission within 30 days. Creation of an ileostomy at the index operation was significantly associated with readmission (p = 0.03) with an unadjusted oR of 1.59 (95% Ci, 1.04-2.46). hospital los was significantly associated with readmission; patients with longer loss were more likely to be readmitted (p = 0.008). finally, patients living closer to the university of Virginia health system were significantly more likely to have a 30-day readmission (p = 0.05).
a subgroup analysis was performed to evaluate readmitted patients. they were stratified based on pre-eR or eR protocol, and relevant comparisons are outlined in table 5. there are no differences between the 2 groups with regard to age, sex, distance from primary institution, and rates of rectal surgery. although there was an absolute reduction in nausea/emesis and infection readmissions after eR implementation, as demonstrated in table 2, the relative proportions for the reason for readmissions were identical between groups. similarly, although the readmission rate in ileostomy patients was identical between groups (21% vs 19%), there were 50% less readmissions overall in eR patients without an ileostomy (18% vs 9%). therefore, patients with ileostomy represented a higher percentage of the readmitted patients in the eR group (47% vs 29%; p = 0.06).
the Kaplan-meier curve for time to readmission is demonstrated in figure 2 , representing a small but significant difference in the proportion of patients readmitted between the 2 groups. a total of 75% of all readmitted patients were readmitted by postdischarge day 9.5 (95% Ci, 8.0-13.0 d).
lastly, a multivariable logistic regression model was created to identify variables predictive of readmission. 
DISCUSSION

Principal Findings
We found that use of a highly standardized eR protocol was associated with a significantly lower rate of readmission and decreased los in an elective colorectal surgery population. the reduction in readmission was associated with lower rates of ssi and nausea/emesis after eR implementation and had the greatest effect in patients without an ileostomy. the presence of an ileostomy and poor functional status is associated with a higher rate of 30-day readmission.
Strengths to our knowledge, this is one of the largest reports focused specifically on readmission patterns within an eR protocol in patients undergoing colorectal surgery. eR protocols have been demonstrated by numerous studies to significantly reduce los, costs, and complication rates in patients undergoing a wide variety of surgical procedures. [4] [5] [6] [7] [8] [9] [10] however, in the current pay-for-performance era, readmissions rather than loss have become the focus of increas- ing scrutiny as a quality metric. this may serve as a barrier to the proliferation of eR efforts to reduce los. Certainly, this was of concern when initiating our own protocol, because our baseline readmission rate of 19% put us in the 10 th decile for risk-adjusted outcomes according to nsQiP. however, our results would seem to alleviate some of these concerns in the context of proper preparation for shift of care from the inpatient to the outpatient setting.
Limitations our study has important limitations, which should be delineated. first, we are limited by the before-and-after study design, which might introduce selection bias. these were consecutively enrolled patients, and there were no demographic differences between the 2 groups. however, there was a higher rate of laparoscopic procedures in the eR group. Because this is a potential confounder, it was controlled for in the multivariable logistic regression model and was not found to be independently associated with readmission. in addition, although we only demonstrate association as opposed to causation from the data, there were no other readmission efforts during the same time period within the institution.
Given that the rate of readmission was higher in the patients who lived closer to the medical center, there is a chance that some readmissions were not captured, particularly for patients who were readmitted to outside facilities. all of the patients were rigorously followed to 30 days with either an outpatient clinic visit or follow-up telephone call. admission to any facility was closely monitored. therefore, to the best of our ability, we have captured all of the readmissions. finally, we are unable to discern which specific aspects of the protocol (early feeding, ambulation, multimodal analgesia, ileostomy algorithm, ssi prevention elements, etc) contributed individually to the decreased rates of readmission. 
Comparison With Similar Studies
the majority of all studies in the eR literature include readmission as a secondary outcome. [4] [5] [6] [7] [8] [9] [10] [11] however, relatively few have demonstrated an improvement in readmission rates or performed an in-depth analysis with readmissions as the primary outcome. our data are similar to a study by francis et al 9 that demonstrated a 12.7% readmission rate after the implementation of an eR protocol. lawrence et al 11 similarly demonstrated a reduction in los by using an eR protocol without a concomitant increase in readmission rates in patients undergoing laparoscopic colorectal surgery. the main reasons for readmission in both of these studies, as well the current study, include dehydration, obstructive bowel symptoms, and ssi. We previously noted a significant reduction in ssi with our eR protocol. this is likely related to standardization in care and specific elements within the eR protocol, such as the use of a separate fascial closure tray, switching from a second-generation cephalosporin to a first-generation cephalosporin with metronidazole for intravenous antibiotic prophylaxis, and initiation of preoperative chlorohexidine bathing.
Clinical Implications the presence of an ileostomy has been associated with readmission rates <35% because of dehydration, acute kidney injury, fluid and electrolyte imbalances, and pouching difficulties. [12] [13] [14] [15] [16] As expected, patients with an ileostomy in this study were more likely to be readmitted when compared with patients without an ostomy or a colostomy (p = 0.03). our baseline rate of readmission in patients with an ileostomy was 20%, which is comparable or lower than what has been reported in the literature. our results demonstrate that ileostomy-related readmissions did not increase after eRas implementation, as could potentially be expected by substantially reducing LOS in this vulnerable at-risk population. this was because of a highly concerted effort focused on perioperative ostomy support at the time of eRas implementation. our multifaceted strategy to prevent ileostomy-related readmissions centered around preoperative planning, enhancement of inpatient education in the immediate postoperative period (including the weekends), and close outpatient follow-up. Before surgery, patients meet with an enterostomal therapist and attend a class for all new ostimates. after surgery, a dedicated enterostomal therapist provides stomal support and education during inpatient stay. Patients are not discharged unless the ileostomy output is >500 ml but <1500 ml over a 24-hour period. to avoid delays in discharge for patients undergoing surgery at the end of the week, changes in personnel were necessary to provide stomal support on the weekends. an algorithm was generated for patients to guide the titration of stool-thickening medications immediately after discharge, as demonstrated in figure 3 . We encouraged patients to consume isotonic electrolyte-balanced solutions and limit high intake of hypotonic fluids. home health is arranged for a majority of the patients, although few agencies have a dedicated enterostomal therapist. Patients were encouraged to contact our office with questions during the day. after-hours calls were taken by the housestaff, who were educated on the ileostomy algorithm. finally, a dedicated outpatient clinic was established with a goal to see all new ileostomy patients within a week of discharge. Our experience is similar to Nagle et al, 16 who describe an ileostomy pathway incorporating early patient ownership of the ileostomy with active learning principles, in addition to preoperative counseling and written educational materials.
Suggestions for Future Study these data suggest that the use of a highly standardized eR protocol significantly reduces readmission rates in addition to los in an elective colorectal surgery population. however, the presence of an ileostomy remains the most significant risk factor for readmission in colorectal surgery, serving as a significant burden to patients and providers alike. ongoing efforts are needed to further improve the management of patients undergoing ileostomy in the outpatient setting after discharge to prevent readmissions. Drink 10-12 glasses of fluids daily, including electrolyte-enhanced beverages.
Measure your fluid intake and ileostomy output. Use your "hat" as you were taught in the hospital to collect and measure the ileostomy drainage.
Record the volume on your log sheet. Every morning, add up the total for the last 24 hours and follow the instructions on the chart below:
24-hour stoma output 0 -500 mL 500 -1500 mL 1500 -2000 mL >2000 mL or taking 8 Imodium (Loperamide)
Call office
Continue what you are doing Go to next step below Call office
Step 1: Loperamide, 1 tablet before breakfast and dinner
Step 2: Loperamide, 1 tablet before breakfast, lunch, dinner, and bedtime
Step 3: Loperamide, 2 tablets before breakfast, lunch, dinner, and bedtime
Algorithm to guide titration of stool-thickening medications for patients undergoing ileostomy.
